Four new dammarane-type triterpenoid saponins, namely notoginsenosides SFt 1 -SFt 4 (1-4) were isolated from the steamed leaves of Panax notoginseng (Burk.) F. H. Chen (Araliaceae), together with 17 known saponins. Their structures were established on the basis of detailed spectroscopic analyses and acidic hydrolysis. The known ginsenosides Rk 2 and Rh 3 were obtained from P. notoginseng for the first time. All of these new saponins showed no in vitro cytotoxicity against five human cancer cell lines (HL-60, SMMC-7712, A-549, MCF-7, and SW480).
Introduction
Panax notoginseng (Burk.) F. H. Chen (Araliaceae), a famous traditional Chinese medicinal (TCM) herb, is mainly cultivated in Yunnan and Guangxi province of China. Both roots and leaves have been used medicinally by the local people of its growing area for a long time. 1 Traditionally, the roots have been used in both raw and processed forms. The raw one has been mainly used for injuries from falls and removing blood stasis, while the processed one has been used as a tonic to promote blood circulation. 2 The leaves had the similar effects on hematological and cardiovascular systems as the roots. Dammarane-type triterpenoid saponins are known to be the main bioactive constituents in P. notoginseng. So far, more than 70 saponins have been isolated from different organs of this herbs. 3 Our previous study on the steamed roots of P. notoginseng resulted in the identification of five new and 23 known dammarane-type saponins, part of which are the minor constituents in non-processed roots. 4 As part of our continuing search for new saponins from Panax plants, a detailed chemical investigation on the steamed leaves of P. notoginseng was carried out, which led to the isolation of four new dammarane-type triterpenoid saponins (1) (2) (3) (4) , along with 17 known ones. Their structures were established based on the detailed spectroscopic analyses and acidic hydrolysis. The new saponins 1-4 were tested for their cytotoxic activities against five human cancer cell lines (HL-60, SMMC-7712, A-549, MCF-7, and SW480) in vitro. 
Results and Discussion
After defatted by petroleum ether, the ethanolic extract of steamed leaves of P. notoginseng was subjected to column chromatography repeatedly over Diaion 101 resin, silica gel, MCI gel CHP 20P, RP-8, and RP-18, and preparative-HPLC to afford four new dammarane-type triterpenoid saponins, namely, notoginsenosides SFt 1 -SFt 4 (1-4), together with 17 known compounds.
The known compounds were identified as ginsenoside R10, 5 8 and 20(R/S)-protopanaxtriol, 13 respectively, by comparison the spectroscopic and physical data with those previously reported values.
Compound 1 was a white amorphous powder. The molecular formula C 36 H 62 O 9 was deduced from the HRESIMS data (m/z 673.4067, [M + Cl] − ). The 1 H and 13 C NMR spectroscopic data indicated the presence of a protopanaxdiol aglycone [δ C 26.8 (CH 2 , C-2), 88.8 (CH, C-3) and 18.5 (CH 2 , C-6)] 13 Rg7 15 and majoroside-F2. 16 The lower-field shifted 13 Therefore, the structure of compound 5 was deduced and named as notoginsenoside SFt 4 .
Compounds 1-4 were tested for their cytotoxic activity against five human cancer cell lines, HL-60 myeloid leukemia, SMMC-7721 hepatocellular carcinoma, A-549 lung cancer, MCF-7 breast cancer, and SW480 colon cancer, applying the MTT method. However, none of them exhibited cytotoxicity at a concentration of 40 μM.
The present study indicated that the chemical constituents of the steamed leaves of P. notoginseng were significantly different from the un-processed ones. 8 After steamed, a mass of low-pole triterpenoid saponins came forth. Being similar with the roots, the processed and the air-dried leaves must have different pharmacological activities and quality standard.
Experimental Section
General Experimental Procedures. Optical rotations were performed on a P-1020 polarimeter (JASCO, Tokyo, Japan). IR spectra were measured on a Bruker Tensor 27 spectrometer with KBr pellets. 1D and 2D NMR spectra were run on Bruker AM-400 and DRX-500 instruments operating at 400 and 500 MHz for 1 H, and 100 and 125 MHz for 13 C, respectively. Coupling constants are expressed in Hertz and chemical shifts Extraction and Isolation. The steamed leaves of P. notoginseng (10 kg) were extracted with ethanol for three times (1.5 h × 3) under reflux. The ethanolic extract was concentrated under reduced pressure to small volume, and then defatted with petroleum ether for 5 times. After removal of the organic solvent, the defatted ethanolic extract was subjected to a Diaion 101 resin column, eluting with H 2 O and EtOH, successively. The EtOH elutes were combined and concentratedunder reduced pressure to give the total saponin fraction (850 g), 200 g of which was subjected to silica gel column chromatography (CC) (55 × 6. (1.1 g) . In a similar way, compounds 1 (140 mg), 2 (11 mg), 3 (9 mg), 4 (15 mg), Rk 1 (4 mg), Rg 5 (9 mg), Rs 5 (8 mg), Rs 4 (6 mg), Rg 3 (206 mg), Rs 3 (42 mg), Ft 1 (51 mg) and F 2 (8 mg) were obtained from Fr. 3 (31 g) and Fr. 4 (11 g), respectively. Each 1 gram sample of Fr. 5 (41 g) and Fr. 6 (36 g), respectively, was separated by Chromatorex ODS ( 
Notoginsenoside SFt 1 (1): white amorphous powder; [α] 24
SDS was added after 100 μL medium was removed, and it was then incubated over night to make the formazan product dissolve completely. The absorbance of the solution was measured at 595 nm in Bio-Rad 680. Concentration of a compound inhibiting 50% of cell growth (IC 50 ) was calculated by the Reed and Muench method.
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